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FOREWORD 

The r e sea rch  which has  been c a r r i e d  o u t  a t  t h e  M . I . T .  
Center  f o r  Space Research under NASA g r a n t  NGL 22-009- 
019 f o r  t h e  p e r i o d  December 1, 1969 through May 31, 
1970, is summarized i n  t h e  fo l lowing  r e p o r t .  
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PHYSICAL SCIENCES AND ENGINEERING 



STAR EVOLUTION STUDIES 

I n v e s t i g a t o r s :  I .  Iben,  Jr. ,  Z .  Abraham, J. P.  Huchra, R.  T .  ~ o o d ,  
W. D. Watson 

P r o j e c t  No.: DSR 70469 

Abraham has  cont inued t o  exp lo re  t h e  e f f e c t  on s o l a r  n e u t r i n o  
f luxes  o f  va ry ing  a  number of  d i f f e r e n t  i n p u t  parameters .  Ear l ie r  
conc lus ions  seem t o  ho ld  and a  s i g n i f i c a n t  d iscrepancy w i t h  t h e  
Davis exper iment  remains. Of p a r t i c u l a r  i n t e r e s t  i s  a  conc lus ion  
concerning Kucharov's sugges t ion  t h a t ,  i f  t h e  sun i s  now burn ing  
p r i m a r i l y  v i a  t h e  He3 + He3 + ~ e 4  + 2p r e a c t i o n ,  Davis shou ld  
g e t  a  n u l l  r e s u l t .  We have shown t h a t  Kucharov's sugges t ion  
imp l i e s  t h a t  a t  l e a s t  20  p e r c e n t  of  t h e  s u n ' s  i n i t i a l  mass was 
i n  t h e  form o f  deuterium o r  He3 a  s i t u a t i o n  con t r a ry  t o  t h a t  
impl ied by t h e  abundances of  He3 and He4 i n  Gas Range m e t e o r i t e s .  

Rood has  cont inued  t o  c o n s t r u c t  h o r i z o n t a l  branch and asympto t ic  
branch models. Of p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  d i scovery  o f  
a  " sup rahor i zon ta l  branch" whose p r o p e r t i e s  (on comparison between 
theory  and obse rva t ion )  b o l s t e r  conc lus ions  concerning a  s i g n i f i -  
c a n t  mass sp read  among h o r i z o n t a l  branch stars. 

Watson has  d i scovered  a  mechanism f o r  account ing f o r  t h e  p e c u l i a r  
abundances i n  Am s t a r s .  The mechanism involves  compet i t ion  
between s e l e c t i v e  r a d i a t i o n  pressure- induced d i f f u s i o n  and g r a v i t y  
d i f f u s i o n  a t  t h e  base  of  t h e  t h i n  convec t ive  l a y e r  nea r  t h e  
photosphere .  

Iben has  w r i t t e n  a  program t o  examine p u l s a t i o n  p r o p e r t i e s  o f  
RR Lyrae S t a r s  and, i n  conjunc t ion  wi th  J. Huchra, i s  d i scove r -  
i n g  many marvelous t h i n g s .  

P u b l i c a t i o n s  

1. Rood, R.  T .  "Metal Poor S t a r s  11. I n i t i a l  Hor i zon ta l  
Branch Models, " 9. J. (July  19 70)  . - 

2 .  Iben,  Jr. I .  and R. T .  Rood: "Metal Poor S t a r s  111. On 
t h e  Evolut ion of Hor izonta l  Branch S t a r s , "  Ap. J .  - 
(August 1 9  70 ) , 



3. Strom, S .  E . ,  K .  E .  Strom, R.  T.  Rood and I.  Iben ,  Jr.: 
"On t h e  Evo lu t i ona ry  S t a t u s  o f  S t a r s  Phove t h e  H o r i z o n t a l  
Branch, " Astronomy and As t rophys i c s  (September 1 9  70) . 

4 .  I ben ,  I . ,  Jr.: "Globular  C l u s t e r  S t a r s , "  S c i e n t .  Am. - 
( J u l y  1970) . 

Submit ted  f o r  P u b l i c a t i o n  

5. Watson, W. D. : "The S o l a r  Core Opac i ty ,  I f  Ap. J .  ( J u l y  
1970) . 

6 .  Simoda, M. and I. Iben ,  Jr. : " T i m e  Cons tan t  Loci  and 
Luminosi ty Func t ions  f o r  Me ta l -De f i c i en t  C l u s t e r s ,  " 
Ap. J .  Suppl .  183 (August 1970 ) .  - - 

7. Watson, W .  D.:  "Element D i f f u s i o n  and Abundance Anomalies 
i n  Meta l l ic -A S t a r s , "  submi t t ed  t o  Ap. J. , June 1970. - - 

8. Rood, R.  T. : "Models f o r  P a r t i a l l y  l4ixed S t a r s , "  s u b m i t t e d  
t o  A p .  J. , June 19 70. - - 



MARS SPECTRAL MFLECTIVITY 
- - - 

I n v e s t i g a t o r :  McCord 

P r o j e c t  No. : DSR 70470 

S p e c t r a l  r e f l e c t i v i t y  obse rva t ions  by t h e  p r i n c i p a l  i n v e s t i g a t o r  
(McCord, 1969a) of  t h e  s u r f a c e  of  Mars du r ing  t h e  1967 oppos i t i on ,  

when combined wi th  d a t a  a l r eady  i n  t h e  l i t e r a t u r e ,  r evea l ed  
d i s t i n c t i v e  s t r u c t u r e  i n  t h e  s p e c t r a l  r e f l e c t i v i t y  curve 0.30 
t o  1.20 microns f o r  bo th  b r i g h t  and dark mar t i an  reg ions  (McCord 
and Adams, 1969) .  I n  a d d i t i o n ,  t h e  s p e c t r a l  curve seems t o  
change wi th  mar t ian  season.  Laboratory obse rva t ions  by Adams 
and F i l i c e  (1967) ,  Adams (1968, 1969) ,  and o t h e r s  o f  t h e  s p e c t r a l  
r e f l e c t i v i t y  o f  common t e r r e s t r i a l  minera l s  and rocks  i n d i c a t e  
t h a t  t h e  p l ane t a ry  s p e c t r a l  r e f l e c t i v i t y  curve can be i n t e r -  
p r e t e d  i n  terms of  t h e  p l a n e t a r y  s u r f a c e  mineralogy and geology 
( s e e ,  f o r  example, Adams and McCord, 1969; Adams, 1968) . 
The o b j e c t i v e s  of  t h e  Mars s p e c t r a l  r e f l e c t i v i t y  s tudy  desc r ibed  
h e r e  a r e  t o  observe va r ious  a r e a s  of t h e  s u r f a c e  of Mars a t  
s e v e r a l  d i f f e r e n t  t imes du r ing  t h e  1969 oppos i t i on  and t o  i n t e r -  
p r e t  t h e s e  observa t ions  i n  terms of  s u r f a c e  mineralogy and su r -  
f a c e  processes .  The s p e c t r a l  r eg ion  covered has  been expanded 
from t h a t  of  t h e  o r i g i n a l  o b s e r v a t i o n a l  work (McCord, 1969) t o  
t h e  e n t i r e  reg ion  i n  which r e f l e c t e d  s o l a r  r a d i a t i o n  i s  impor tan t ,  
0.30 t o  2 . 5 0 ~ .  Measurements were made a t  t h r e e  d i f f e r e n t  t imes 
du r ing  t h e  Mars oppos i t i on  wi th  t h e  hope of o b t a i n i n g  t h e  maximum 
mar t ian  seasona l  change i n  t h e  r e f l e c t i n g  p r o p e r t i e s .  These new 
s p e c t r a l  r e f l e c t i v i t y  curves were analyzed f o r  s p e c t r a l  s t r u c t u r e  
d i f f e r e n c e s  f o r  t h e  mar t ian  reg ions  and f o r  changes w i th  mar t i an  
season.  Also, t h e  new d a t a  were compared wi th  prev ious  d a t a  
(McCord and Adams, 1969) t o  determine changes i n  t h e  mar t i an  
r e f l e c t i v i t y  over  pe r iods  o f  y e a r s .  I n  a d d i t i o n ,  t h e r e  i s  some 
hope t h a t  t r a n s i e n t  phenomena, such as  clouds and f r o s t ,  were 
observed.  

The b a s i c  approach was t o  use a  s p e c i a l  double-beam photometer 
des igned by t h e  au thor  ( M c C s r d ,  1968) t o  make comparative c o l o r i -  
m e t r i c  observa t ions  through 5 2  narrow-band i n t e r f e r e n c e  f i l t e r s .  
The ins t rument  a l lows t h e  e l i m i n a t i o n  from t h e  d a t a  of  t h e  e f f e c t s  
of  t e r r e s t r i a l  atmosphere t ransparency  v a r i a t i o n .  Thus, very 
p r e c i s e  measurements, on t h e  o r d e r  of 0 . 1  p e r c e n t ,  a r e  p o s s i b l e ,  



Two b a s i c  o b s e r v a t i o n a l  r e q u i r e m e n t s  a r e  (1) very  g r e a t  image 
s t a b i l i t y  ( s e e i n g ) ,  b e c a u s e  t h e  s u r f a c e  f e a t u r e s  o f  Mars t o  b e  
obse rved  a r e  ve ry  s m a l l  i n  a n g u l a r  s i z e ,  and ( 2 )  a  t e l e s c o p e  
l o c a t e d  a t  a  s o u t h e r l y  l a t i t u d e ,  because  Mars a p p e a r s  a t  a b o u t  
- 2 5 "  d e c l i n a t i o n  d u r i n g  t h e  1969 o p p o s i t i o n .  T h e r e f o r e ,  t h e  
60-inch t e l e s c o p e  of  t h e  C e r r o  T o l o l o  In ter -American  Observa to ry ,  
C h i l e ,  was used.  Three 12-day o b s e r v a t i o n a l  p e r i o d s  w e r e  p lanned:  
one i n  March, one i n  l a t e  Nay and e a r l y  J u n e ,  and one i n  September.  

The s t u d y  was begun d u r i n g  t h e  l a s t  h a l f  of  1968 and t h e  f i r s t  
h a l f  o f  1969. Equipment was d e s i g n e d  and o b t a i n e d ,  and o b s e r v i n g  
t i m e  on t h e  C e r r o  T o l o l o  60-inch t e l e s c o p e  was awarded. Also ,  
a  s t u d y  o f  e x i s t i n g  d a t a  was completed and p u b l i s h e d  (McCord 
and Adams, 1969; Adams and McCord, 1 9 6 9 ) .  

During t h e  f i r s t  o b s e r v i n g  p e r i o d ,  March 5 t o  March 1 6 ,  Nars  
was obse rved  on a b o u t  e i g h t  n i g h t s .  The equipment  f u n c t i o n e d  
p e r f e c t l y  and most of  t h e  o b s e r v i n g  program was accompl ished.  
The second  o b s e r v i n g  p e r i o d  was completed s u c c e s s f u l l y .  Again 
a l l  went  w e l l .  However, d u r i n g  t h e  l a s t  o b s e r v i n g  run  b a d  
w e a t h e r  was encoun te red  and o n l y  a  few measurements c o u l d  b e  
made. 

During t h e  f i r s t  p e r i o d  o f  t h e  p r o j e c t  t h e  l a r g e  q u a n t i t y  o f  
d a t a  was reduced and a n a l y z e d .  P r e l i m i n a r y  r e s u l t s  were p r e -  
s e n t e d  a t  s e v e r a l  s c i e n t i f i c  meet ings  (McCord and Westphal ,  
1970a,  b )  . The r e s u l t s  a r e  now b e i n g  w r i t t e n  up i n  s e v e r a l  
p a p e r s  t o  b e  s u b m i t t e d  t h i s  suvmer t o  s c i e n t i f i c  j o u r n a l s  f o r  
p u b l i c a t i o n .  

I n  t h e  o b s e r v a t i o n a l  p a r t  o f  t h i s  program t h e  p r i n c i p a l  i n v e s t i -  
g a t o r  i s  working i n  c o o p e r a t i o n  w i t h  M r .  James Westphal  o f  t h e  
C a l i f o r n i a  I n s t i t u t e  of  Technology. D r .  John Adams o f  t h e  
Car ibbean Research I n s t i t u t e  i s  a  p a r t i c i p a n t  f o r  f i n a l  i n t e r -  
p r e t a t i o n  of  t h e  d a t a .  

P u b l i c a t i o n s  

1. Adams, J.  B . :  "Lunar and Mar t i an  S u r f a c e s :  P e t r o l o g i c  
S i g n i f i c a n c e  of  Absorp t ion  Bands i n  t h e  N e a r - I n f r a r e d , "  
S c i e n c e  159, 1453 ( 1 9 6 8 ) .  

2 .  Adams, J .  B . :  " P e t r o l o g i c  S i g n i f i c a n c e  of  Absorp t ion  Bands 
i n  t h e  S p e c t r a l  R e f l e c t a n c e  o f  Common S i l i c a t e  M i n e r a l s , "  
( i n  p r e p a r a t i o n ) .  



3. Adams, J. B. and A. L. F i l i c e :  " S p e c t r a l  Ref lec tance  
0 . 4  t o  2.0 Microns of  S i l i c a t e  Rock Powders," J. Geophys. - 
Res. 72, 5705 (1967) .  - - 

4 .  Adams, J. B. and T. B. McCord: "Mars: ~ n t e r p r e t a t i o n  o f  
S p e c t r a l  R e f l e c t i v i t y  of L igh t  and Dark ~ e g i o n s , "  J. Geophys. - 
Res. ( i n  p r e s s )  . * - 

5. McCord, T .  B. : "A Double Beam Astronomical  Photometer, " 
Appl. Opt ics  7, 475 (1968) .  - 

6. McCord, T .  B.: "Comparison of  t h e  R e f l e c t i v i t y  and Color  
of Br igh t  and Dark Regions on t h e  Sur face  o f  Mars," 9. J. - 
79 (1969) .*  - 

7. McCord, T .  B. and J. B. Adams: " S p e c t r a l  R e f l e c t i v i t y  of  
Mars," Science 163, 1058 (1969).* - 

8. McCord, T .  B. and J. A. Westphal: " S p e c t r a l  R e f l e c t i v i t y  
of t h e  Mart ian Su r face , "  p re sen ted  a t  meeting of  American 
Geophysical Union, A p r i l  20-24, 1970, Washington, D .  C.* 

9. McCord, T .  B. and J. A. Westphal: "A Co lo r ime t r i c  Study 
of Mars d u r i n g  t h e  1969 Apparat ion,"  p re sen ted  a t  t h e  
American Astronomical  Soc ie ty ,  January 19-21, 1970, San 
Franc isco .*  

* I n d i c a t e s  papers  wholly o r  p a r t i a l l y  t h e  r e s u l t  of NASA Grant  
NGL 22-009-019. 



TOPICS I N  THEORETICAL ASTROPHYSICS AND COSMOLOGY 

I n v e s t i g a t o r s :  P .  Morr ison,  L. S a r t o r i ,  F. M. F l a s a r ,  
S .  O t D e l l ,  M. Kafa tos  

P r o j e c t  No. : DSR 70474 

I .  S p i n a r s  

Work i s  i n  p r o g r e s s  by F l a s a r  and Morr ison ( w i t h  A. C a v a l i e r e )  
on a  more complete accoun t  of  s p i n a r s ,  b o t h  i n  r e l a t i o n  t o  M87 
w i t h  a  more g e n e r a l  o u t l i n e  o f  t h e i r  e v o l u t i o n .  T h i s  p a p e r  
was d e l i v e r e d  o r a l l y  i n  p a r t  a t  t h e  V a t i c a n  Study Week on A c t i v e  
G a l a c t i c  N u c l e i ,  A p r i l  1970 i n  Rome. 

11. S v c h r o t r o n  Emission and Cvc lo t ron  Emission 

L. S a r t o r i  and S. O t D e l l  have s t u d i e d  c a r e f u l l y  t h e  l i m i t s  on 
t h e  s y n c h r o t r o n  p r o c e s s  f o r  h i g h  magne t i c  f i e l d s  and f o r  h i g h  
p a r t i c l e  e n e r g i e s .  A n o v e l  r e s u l t  a p p e a r s  t o  b e  t h a t  t h e  r a d i o -  
s i l e n t  o b j e c t s ,  p robab ly  s p i n a r s ,  found i n  QSOs and i n  some 
a c t i v e  g a l a c t i c  n u c l e i ,  have low f requency  e m i s s i o n  c u t o f f  w e l l  
above t h e  r f  r e g i o n  because  i n s u f f i c i e n t l y  h i g h  magnet ic  f i e l d s  
c y c l o t r o n  e m i s s i o n ,  r a t h e r  t h a n  s y n c h r o t r o n  s e l f - a b s o r p t i o n ,  
l i m i t s  t h e  spec t rum a t  t h e  low f requency end.  A p a p e r  i s  i n  
p r o g r e s s .  

111. Emission Regions around Supernovae 

M. Kafa tos  h a s  shown t h a t  t h e  l a r g e  suddenly-produced photo-  
i o n i z e d  r e g i o n s  o f  g r e a t  volume b u t  ve ry  low e m i s s i o n  measure 
which a r e  e x p e c t e d  around supernovae  on t h e  b a s i s  o f  t h e  S  
f l u o r e s e n c e  t h e o r y  of  t h e  l i g h t  cu rve  might  b e  d e t e c t a b l e  b o t h  
i n  t h e  uv and t h e  i r .  H e  i s  s u g g e s t i n g  exper iments  t o  check 
t h e  p r e d i c t i o n .  A p a p e r  i s  i n  i t s  e a r l y  s t a g e s .  

I V .  Gamma Ravs from t h e  G a l a c t i c  Nucleus 

K .  Brecher  i n c l u d e d  t h i s  problem i n  h i s  Ph.D. t h e s i s  (September 
1969) . H e  i s  p u b l i s h i n g  from UCSD (La J o l l a )  a  p a p e r  w i t h  a  f u l l  
accoun t  of h i s  work; an a b s t r a c t  h a s  a l r e a d y  appeared .  



STELLAR THEORY 

I n v e s t i g a t o r s :  W. K .  Rose, R. L. Smith 

P r o j e c t  No.: DSR 70475 

I. Novae and P lane t a ry  Nebulae 

A hydrodynamic code t h a t  i s  capable  o f  s tudy ing  d e t a i l e d  p h y s i c a l  
models f o r  u n s t a b l e  s t e l l a r  models has  been s u c c e s s f u l l y  developed.  
Unstable s t e l l a r  models a r e  be ing  s t u d i e d  wi th  t h e  e v e n t u a l  hope 
of o b t a i n i n g  a b e t t e r  t h e o r e t i c a l  unders tanding of t h e  p h y s i c a l  
p rocesses  a s s o c i a t e d  wi th  t h e  nova o u t b u r s t  and t h e  format ion  
of p l a n e t a r y  nebulae.  

11. Neutron S t a r s  

Ca lcu la t i ons  t h a t  show how n u c l e a r  m a t t e r  a f f e c t s  p h y s i c a l l y  
p l a u s i b l e  models f o r  neu t ron  stars have been completed, and a 
paper  has  been publ i shed  i n  c o l l a b o r a t i o n  wi th  C.  G. Wang and 
S. L. Schlenker .  

111. Pro tos  t a r s  

A t h e o r e t i c a l  i n v e s t i g a t i o n  o f  p r o t o s t a r s  has  r e c e n t l y  been 
i n i t i a t e d .  

I V .  The f i r s t  d r a f t  of  a  book d e a l i n g  wi th  modern t o p i c s  i n  
a s t r o p h y s i c s  has  been completed. 
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INTERFEROMETRIC SPECTROSCOPY OF PLANETARY ATMOSPHERE 

I n v e s t i g a t o r s  : P i l c h e r  

P r o j e c t  No.: DSR 70476 

The program t o  develop and use a  Fouriev i n t e r f e r o m e t e r  spec- 
t rome te r  t o  make high s p e c t r a l  and s p a t i a l  r e s o l u t i o n  observa- 
t i o n s  o f  J u p i t e r  and Sa tu rn  was j u s t  begun t h i s  p a s t  y e a r .  
The i n t e r f e r o m e t e r  i s  on hand and o p e r a t i n g ,  and t h e  fo re -  
o p t i c s  and d e t e c t o r  o p t i c s  a r e  w e l l  a long  i n  c o n s t r u c t i o n ,  
a s  i s  t h e  d a t a  system. We expec t  a  working ins t rument  t h i s  
summer. We a r e  s chedu l ing  t e l e s c o p e  t i m e  bo th  a t  t h e  M t .  
Palomar 200-inch and t h e  Cerro Tolo lo  60-inch t o  use t h e  
ins t rument  on J u p i t e r .  M r .  C a r l  P i l c h e r  i s  doing a  Ph.D. t h e s i s  
us ing  t h i s  dev ice .  H e  has  been i n s t r u c t e d  i n  t h e  des ign  and 
c o n s t r u c t i o n  of t h e  dev ices  and he should  acqu i r e  a l l  of t h e  
d a t a  p e r t i n e n t  t o  h i s  t h e s i s  du r ing  t h e  nex t  yea r .  



PROBLEMS I N  ASTROPHYSICS 

I n v e s t i g a t o r s :  C .  C. Lin ,  S .  Feldman, C.  Hunter,  W.  W. Shane, 
A. Toomre 

P r o j e c t  No. : DSR 7 0 4 7 7  

Lin devoted much of  h i s  t i m e  t o  t h e  p r e p a r a t i o n  o f  an i n v i t e d  
d i scou r se  f o r  d e l i v e r y  a t  t h e  General  Assembly of  t h e  I n t e r -  
n a t i o n a l  Astronomical Union. This i s  a  comprehensive review 
paper  o f  t h e  progress  i n  t h e  theory  of  s p i r a l  s t r u c t u r e  of 
g a l a x i e s  dur ing  t h e  p a s t  decade, i nc lud ing ,  i n  p a r t i c u l a r ,  ou r  
work done he re  suppor ted  by t h e  NASA g r a n t .  A copy o f  t h e  paper  
has  been submit ted s e p a r a t e l y  t o  NASA t o  s e r v e  as a  f i n a l  r e p o r t  
of ou r  work performed under NASA sponsorship .  

During t h e  p r e p a r a t i o n  of t h i s  r e p o r t ,  we a r e  f o r t u n a t e  t o  have 
D r .  W .  W.  Shane h e r e  from Leiden t o  c o r r e l a t e  h i s  o b s e r v a t i o n a l  
d a t a  wi th  ou r  theory .  This t u r n s  o u t  t o  be  very s u c c e s s f u l  a s  
a  d i f f i c u l t  of  long s t a n d i n g  i n  t h e  Scutum a r e a  ( n e a r  g a l a c t i c  
l ong i tude  %PI = 20 '  - 25') can now be reso lved .  The observed 
f e a t u r e s  can be i n t e g r a t e d  wi th  f e a t u r e s  i d e n t i f i e d  wi th  t h e  
"3-kpc arm. " 

Toomre has  now worked o u t  p a t t e r n s  of  i n t e r a c t i n g  g a l a x i e s .  The 
i n t e r g a l a c t i c  b r idge  can be desc r ibed  i n  evo lu t iona ry  d e t a i l * .  
Work was done wi th  l a r g e  computers wi th  time a l l o t t e d  by t h e  
NASA Space I n s t i t u t e  i n  N e w  York Ci ty .  A movie i s  a v a i l a b l e  f o r  
showing t h e  r e s u l t s  ob ta ined .  

Hunter s t u d i e d  t h e  r o t a t i o n  and angula r  momentum of g a l a x i e s  
and the  d i sk - l i ke  Riemann E l l i p s o i d s .  The l a t t e r  gave some 
i n d i c a t i o n  of t h e  ove r tu rn ing  of  gas observed i n  t h e  Milky Way. 

Lin and Feldman have developed a  theory  t o  account  f o r  t h e  d i s -  
t r i b u t i o n  of i on i zed  hydrogen i n  t h e  Milky Way system. A s  i s  
w e l l  known, t h e i r  d e t a i l e d  d i s t r i b u t i o n  (i . e . ,  motions) agrees  
w i th  n e u t r a l  hydrogen, b u t  t h e  abundance d i s t r i b u t i o n  of t h e  
two components d i f f e r s  g r e a t l y .  This  p o i n t  has  now been expla ined  
i n  q u a n t i t a t i v e  d e t a i l * .  

* Reported i n  t he  i n v i t e d  d i scou r se  mentioned above, 
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T. R. Young 
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I. E l e c t r o s t a t i c  I n s t a b i l i t i e s  i n  t h e  Magnetosphere (McCune, 
Cal len,  Young) 

Recent d e f i n i t e  observat ions of e l e c t r o s t a t i c  wave emissions 
i n  t h e  e a r t h ' s  magnetosphere1 have provided f resh  impetus f o r  
our s tudy of e l e c t r o s t a t i c  i n s t a b i l i t i e s  i n  t h a t  environment. 
Observations i n d i c a t e  very s t r o n g  e l e c t r o s t a t i c  emissions a t  
f requencies  near  (n + 1 / 2 )  w and a l s o  a t  w >>  w and f u r t h e r  
i n d i c a t e  t h e i r  loca t ion  t o  6% predominantly a t  18%' la t i tudes  
j u s t  ou t s ide  t h e  plasmapause 4 < L < 0  on t h e  e a r t h ' s  dawn s i d e .  
We have developed a  model of t h e  e l e c t r o n  d i s t r i b u t i o n  funct ion  
which can expla in  i n s t a b i l i t i e s  of t h i s  s o r t  and a r e  c u r r e n t l y  
s t a r t i n g  numerical ca lcu la t ions  t o  determine t h e  uns table  wave 
p r o p e r t i e s  i n  t h e  i n t e r e s t i n g  parameter regimes. Our model of 
t h e  e l e c t r o n  d i s t r i b u t i o n  i s  c o n s i s t e n t  with o the r ,  more d i r e c t  
--but l imited--observations made i n  t h i s  region and may provide 
more d e t a i l  concerning t h e  anisotropy of t h e  e l e c t r o n s .  I f  t h e  
model i s  success fu l ,  c a l c u l a t i o n  of t h e  wave p roper t i e s ,  pa r t i cu -  
l a r l y  l o c a l i z a t i o n  a t  low l a t i t u d e s ,  can then be re f ined  us ing  
the  i n t e g r a l  equat ion developed e a r l i e r  under t h i s  program. 

11. Nonlinear Dispersion of Plasma Waves (Tam) 

The nonl inear  d i spe r s ion  theory repor ted  e a r l i e r  has been success- 
f u l  i n  p r e d i c t i n g  t h e  f i e ld -a l igned  propagation property of 
w h i s t l e r s  and the  nonl inear  s t a b i l i t y  boundary of co ld  plasma 
waves. However, t h e  theory i s  r e s t r i c t e d  t o  t h e  zero s i d e  band 
wave l i m i t .  I n  i t s  p resen t  form it, the re fo re ,  cannot p r e d i c t  
the  unstable  s i d e  band s p e c t r a  and t h e  growth r a t e s  of t h e  uns table  
s i d e  band waves. An extension t o  t h e  e x i s t i n g  theory has now 
been found and an i n v e s t i g a t i o n  i s  underway t o  e s t a b l i s h  t h e  
s p a t i a l  growth r a t e s  of t h e  unstable  w h i s t l e r  waves. Comparisons 
w i t h  earth-based w h i s t l e r  decay r a t e  d a t a  w i l l  be made as work 
progresses .  



111. The I n t e r a c t i o n  of Wave Turbulence and t h e  Magnetopause 
(Tam) 

A t h e o r e t i c a l  a n a l y s i s  on t h e  i n t e r a c t i o n  of  wave tu rbu lence  i n  
t h e  magnetosheath and t h e  magnetopause has  been completed. This  
i n v e s t i g a t i o n  w a s  mot ivated by t h e  sugges t ion  made by W. I .  
~ x f o r d 2  t h a t  t h i s  i n t e r a c t i o n  w i l l  g ive  rise t o  a s u f f i c i e n t l y  
s t r o n g  t u r b u l e n t  s h e a r  s t r e s s  a t  t h e  magnetospheric boundary t o  
gene ra t e  l a r g e  s c a l e  i n t e r n a l  convect ion c u r r e n t s  i n s i d e  t h e  
magnetosphere. An MHD model i s  used i n  t h e  p r e s e n t  work which 
i s  b e l i e v e d  t o  be  adequate f o r  t h e  p r e s e n t  purpose.  I t  i s  found 
t h a t  t h e  t u r b u l e n t  s h e a r  s t r e s s  depends l i n e a r l y  on t h e  t u r b u l e n t  
magnetic f i e l d  energy and t h e  k i n e t i c  energy of plasma f l u c t u a -  
t i o n s .  On us ing  d a t a  of t h e  magnetopause ob ta ined  by P ioneer  6 
and t u r b u l e n t  wave energy ob ta ined  by P ioneer  5 ,  t h e  p r e s e n t  
c a l c u l a t i o n  g ives  a t u r b u l e n t  s h e a r  s t r e s s  o f  t h e  o r d e r  o f  
10-19  dyne/cm2. This  i s  s e v e r a l  o r d e r s  of  magnitude s m a l l e r  
than Axfordfs  o r i g i n a l  e s t i m a t e .  I t  i s ,  t h e r e f o r e ,  b e l i e v e d  
t h a t  t u r b u l e n t  s h e a r  stress i s  perhaps n o t  t h e  mechanism t h a t  
i s  r e s p o n s i b l e  f o r  t h e  l a r g e  s c a l e  i n t e r n a l  convect ion c u r r e n t s  
i n s i d e  t h e  magnetosphere. This work has  been submit ted f o r  
p u b l i c a t i o n  i n  t h e  J o u r n a l  - of Plasma Phys ics .  
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I n t r o d u c t i o n  

I t  has  been w e l l  e s t a b l i s h e d  t h a t ,  when an x-ray o r  an e l e c t r o n  
beam i r r a d i a t e s  t h e  s u r f a c e  of a  specimen, t h e  atoms o f  t h e  
specimen w i l l  be p laced  i n  an e x c i t e d  s t a t e .  The r e t u r n  t o  t h e  
ground s t a t e  can t a k e  p l ace  by one of  two processes :  by t h e  
emiss ion of  a  c h a r a c t e r i s t i c  x-ray o r  an Afiger e l e c t r o n .  The 
x-rays can escape from a  depth o f  s e v e r a l  microns whereas t h e  
e l e c t r o n s ,  which have a  much s h o r t e r  range,  come from a  depth 
of  only  a  few atom l a y e r s .  The method i s  thus  most u s e f u l  f o r  
c h a r a c t e r i z i n g  s u r f a c e s  and t h e i r  c o n s t i t u e n t s .  

The chemist ry  can be  determined from t h e  a n a l y s i s  of t h e s e  e l e c -  
t r o n s  because they t o o  have a c h a r a c t e r i s t i c  energy t h a t  i s  
determined by t h e  p a r t i c u l a r  atomic number of t h e  e lement .  
Weber and P e r i a l  have shown t h a t  a  few pe rcen t  of a  monolayer 
coverage of  a l k a l i  atoms (K o r  Cs )  i s  d e t e c t a b l e  on a  c l e a n  
s i l i c o n  s u r f a c e .  This imp l i e s  a  s u r f a c e  d e n s i t y  of  abou t  1014 
atoms/cm2. Where depth e f f e c t s  do n o t  e n t e r  i n t o  c o n s i d e r a t i o n ,  
t h e  ampli tude of  t h e  Afiger l i n e  i s  p r o p o r t i o n a l  t o  t h e  q u a n t i t y  
o f  m a t e r i a l  p r e s e n t  on t h e  s u r f a c e .  

The most obvious use  o f  secondary e l e c t r o n  emiss ion spec t roscopy  
i s  t h e  q u a l i t a t i v e  i d e n t i f i c a t i o n  of  s u r f a c e  contaminants.  Thus 
r e s i d u e s  from o rgan ic  s o l v e n t s ,  p l a t i n g  ba ths  and o t h e r  f a b r i c a -  
t i o n  processes  have been found on a l l  types  of  s u r f a c e s .  

Previous  Work i n  t h e  F i e l d  

The monumental work of ~ i e g b a h n 2  and co-workers on Aager, and 
i n  photo-e lec t ron  spectroscopy p a r t i c u l a r l y ,  i s  w e l l  recognized.  
Siegbahn'  s work employed c h a r a c t e r i s t i c  x-ray e x c i t a t i o n .  How- 
e v e r ,  i n  t h i s  p a r t i c u l a r  program we s h a l l  be u s ing  bo th  x-ray 
e x c i t a t i o n  and e l e c t r o n  e x c i t a t i o n .  



Har r i s  u s ing  e l e c t r o n  e x c i t a t i o n  proved t h a t  by e l e c t r o n i c  
d i f f e r e n t a t i o n  of  t h e  e l e c t r o n  energy d i s t r i b u t i o n  t h e  s e n s i -  
t i v i t y  could b e  g r e a t l y  enhanced. Weber and P e r i a  have shown 
t h a t  a  s t a n d a r d  t h r e e - g r i d  low energy e l e c t r o n  d i f f r a c t i o n  
system may be employed f o r  measurement of  t h e  d e r i v a t i v e  o f  t h e  
energy d i s t r i b u t i o n  func t ion .  Palmberg and ~ h o d i n 4  have a l s o  
used a  t h r e e - g r i d  LEED system. The r e s u l t s  of t h i s  l a t t e r  work 
showed t h a t  t h e  mean escape depth f o r  Afiger e l e c t r o n s  i n  s i l v e r  
v a r i e s  between 4 and 8 f o r  e n e r g i e s  of 72 and 362 eV, respec-  
t i v e l y .  

The E lec t ron  Energy Analyzer 

For many y e a r s  t h e  c o n c e n t r i c  s p h e r i c a l  d e f l e c t i o n  a n a l y z e r  a s  
desc r ibed  by ~ u r c e l l 5  has  been cons idered  t h e  b e s t  e l e c t r o s t a t i c  
ana lyze r  known, t h e  reduced d i s p e r s i o n  be ing  l a r g e r  than  e i t h e r  
t h a t  of t h e  c o n c e n t r i c  c y l i n d r i c a l  d e f l e c t i o n  dev ice  o r  t h e  
p a r a l l e l  p l a t e  m i r r o r  ana lyze r .  Furthermore,  t h e  s p h e r i c a l  
d e f l e c t i o n  s y s  tem provides  two-dimensional focus ing  a s  an addi -  
t i o n a l  advantage i n  dev ices  u s ing  a x i a l l y  symmetric beams. 
Recently,  ~ a s h k v a r a 6  e t  a l .  have shown t h e  c y l i n d r i c a l  m i r r o r  
ana lyzer  used by ~ l a u - 7 7 0  have t h e  unsuspected p rope r ty  t h a t  
second o r d e r  focus ing  occurs  a t  an e n t r a n c e  angle  of 42.3' and 
E/eV = 1.3 / ln  r2/rl where V i s  t h e  p o t e n t i a l  d i f f e r e n c e  between 
t h e  two c o n c e n t r i c  c y l i n d e r s  of  r a d i u s  rl and r 2  and Eo i s  t h e  
energy of  t h e  e l e c t r o n .  I t  has  been shown by Hafner8 -- e t  a l .  
t h a t  t h e  des ign  by Zashkvara has  an improvement i n  t h e  r e s o l v i n g  
power over  t h e  s p h e r i c a l  ana lyze r .  This  has  been demonstrated 
by 0 ~ i l v i e 9  i n  a  system designed t o  f i t  i n t o  t h e  scanning  e l e c t r o n  
microscope. A s i m i l a r  system was b u i l t  by ~ a r - e l l o  who independ- 
e n t l y  found t h e  unsuspected focus ing  p r o p e r t i e s  of t h e  c o n c e n t r i c  
c y l i n d e r s .  

We have f i n i s h e d  b u i l d i n g  a  much l a r g e r  ana lyze r  t han  t h e  one 
we made f o r  t h e  SEM. T h i s  new system has a  s p e c i a l  x-ray sou rce  
t h a t  we have designed i n  o u r  l a b o r a t o r y .  The power supply  a r r i v e d  
around t h e  f i r s t  o f  J u l y  b u t  has  n o t  as  y e t  been connected t o  t h e  
system. However, we hope t o  have it i n  ope ra t ion  b e f o r e  t h e  f i r s t  
of September. 

The Vacuum System 

The i n i t i a l  work w i l l  be done i n  a  convent iona l  vacuum b e l l -  
system. A t  p r e s e n t  it i s  p o s s i b l e  t o  o b t a i n  a  vacuum of 10'"' 
t o r r .  However, t h i s  w i l l  no t  be  good enough f o r  t h e  f i n a l  

2 ar 



o p e r a t i n g  system. The vacuum must be  10-9 t o r r  o r  b e t t e r  when 
us ing  e l e c t r o n  e x c i t a t i o n .  The reason f o r  t h i s  i s  t h a t  t h e  
e l e c t r o n  beam decomposes t h e  hydrocarbons p r e s e n t  on t h e  s u r f a c e  
of t h e  specimen. I n  a few seconds only  t h e  carbon Atiger can 
be observed. However, w i th  t h e  poor vacuum (10-6) w e  s h a l l  be 
a b l e  t o  t e s t  t h e  e l e c t r o n  o p t i c s  and r e s o l u t i o n  of  t h e  system. 
When w e  have achieved t h e  performance t h a t  we expec t ,  w e  s h a l l  
t hen  se t  up a h igh  vacuum system. 
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ANALYSIS OF REACTOR PHYSICS AND HEAT TRANSFER 

I N  NUCLEAR ROCKET RFACTORS 

I n v e s t i g a t o r s :  E .  A. Mason, K.  F. Hansen, T.  R. Simpson, 
P .  F. Deaton 

P r o j e c t  No.: DSR 70480 

An i n v e s t i g a t i o n  of t h e  h e a t  t r a n s f e r  op t imiza t ion  o f  n u c l e a r  
rocke t  r e a c t o r s  which uses  t h e  method of maximizing t h e  a x i a l  
power p r o f i l e  such t h a t  a l l  p a r t s  of  t h e  r e a c t o r  co re  o p e r a t e  
a t  s t e a d y  s t a t e  a t  one of  t h r e e  thermal  l i m i t a t i o n s :  (1) maxi- 
mum thermal  s t r e s s ,  ( 2 )  maximum channel  w a l l  t empera ture  and 
( 3 )  maxinum f u e l  c e n t e r l i n e  tempera ture ,  ha s  shown t h a t  t h e  
d e t a i l s  of  such optimum power p r o f i l e s  a r e  s t r o n g l y  dependent 
upon t h e  e x a c t  mathematical  form of t h e  t u r b u l e n t  hydrogen h e a t  
t r a n s f e r  c o r r e l a t i o n ,  e s p e c i a l l y  i n  t h e  r e a c t o r  corf  i n l e t  
reg ion .  I n  p a r t i c u l a r ,  many a v a i l a b l e  c o r r e l a t i o n s  c o n s i s t e n t l y  
p r e d i c t  an unusual w a l l  temperature  behavior  which would seri-  
ous ly  l i m i t  s t eady  s t a t e  o p e r a t i o n ,  whi le  one r e c e n t  c o r r e l a t i o n  
does n o t  p r e d i c t  such behavior  b u t  t h i s  c o r r e l a t i o n  has  a  l a r g e r  
c o r r e l a t i o n a l  e r r o r  tkjan t h e  o t h e r s .  Since t h e r e  i s  some exper-  
imen ta l  j u s t i f i c a t i o n  f o r  t h e  anomalous w a l l  temperature  behav io r  
w i th  hydrogen a s  t h e  c o o l a n t ,  t h e  s u i t a b i l i t y  of t h e  very h igh  
performance s t eady  s t a t e  optimum power p r o f i l e s  i s  unresolved.  
However, t h e  o v e r a l l  p h y s i c a l  dimensions and s p e c i f i c  impulse 
of such opt imized n u c l e a r  r e a c t o r  cores  a r e  r e l a t i v e l y  i n s e n s i -  
t i v e  t o  t h e  h e a t  t r a n s f e r  c o r r e l a t i o n  used i n  c a l c u l a t i n g  t h e  
optimum i n t e r n a l  power shape.  Using a channel  h y d r a u l i c  d iameter  
of 0 . 1  i nch  and a t o t a l  t h r u s t  of  250,000 l b f ,  opt imized r e a c t o r  
cores  were c a l c u l a t e d  t o  be  roughly 2 . 1  f e e t  i n  l e n g t h ,  0.9 f o o t  
i n  r a d i u s ,  and capable  of 9 0 0  seconds i n  i d e a l  vacuum s p e c i f i c  
impulse.  A t  lower flow r a t e s  a ga in  i n  I t o  approximately 
950 seconds would r e q u i r e  t h e  core  rad iussPto  i n c r e a s e  t o  2 . 7 4  
f e e t  and g ive  a  more "pancake" con f igu ra t ion .  

An i n v e s t i g a t i o n  of  t h e  neu t ron  physics  of such compact r e a c t o r  
cores  f u e l e d  by uranium-235 d i s p e r s e d  i n  g r a p h i t e  w i th  a  t h i c k  
be ry l l i um r e f l e c t o r  has shown t h a t  (1) t h e s e  r e a c t o r  cores  have 
f a s t  neu t ron  s p e c t r a  dominated by f a s t  neu t ron  leakage ,  ( 2 )  
r e a c t i v i t y  i n s e r t i o n  by t h e  s t e a d y s t a t e  non-uniform core  hydrogen 
d i s t r i b u t i o n  i s  worth roughly 2 ,50  $ - 3 . 2 0  $ of r e a c t i v i t y  
( I  $ = 0 . 0 0 6 4  Ak/k) ,  wi th  t h e  s m a l l e r  r e a c t i v i t i e s  be ing  f o r  



t h e  s m a l l e r  r e a c t o r  co re s ,  ( 3 )  r e a c t i v i t y  i n s e r t i o n  by hydrogen 
i n  t h e  b e r y l l i u m  r e f l e c t o r  i s  worth roughly 4.30 $ f o r  15 p e r c e n t  
r e f l e c t o r  vo id  f r a c t i o n  and r ~ u g h l y  7.80 $ f o r  30 p e r c e n t  r e f l e c t o r  
vo id  f r a c t i o n ,  ( 4 )  temperature  expansion of  t h e  core  r a d i u s  from 
co ld  t o  h o t  decreases  t h e  r e a c t i v i t y  by roughly 1 $, and ( 5 )  a  
nominal 3  p e r c e n t  core  carbon l o s s  by hydrogen co r ros ion  can a l s o  
decrease  r e a c t i v i t y  by roughly 1 $. Therefore ,  t h e s e  compact, 
f a s t  r e a c t o r  cores  a r e  cons iderab ly  a f f e c t e d  by t h e  i n s e r t i o n  o f  
hydrogen i n t o  t h e  t h i c k  be ry l l i um r e f l e c t o r ,  w i th  t h e  r e f l e c t o r  
hydrogen r e a c t i v i t y  be ing  cons iderab ly  g r e a t e r  than  t h e  s t e a d y  
s t a t e  core  hydrogen i n s e r t i o n .  A c a l i b r a t i o n  of  r e f l e c t o r  
hydrogen r e a c t i v i t y  worth has  shown t h a t  t h e  r e a c t i v i t y  is n e a r l y  
l i n e a r  w i t h  hydrogen concen t r a t i on .  
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COMBINED RADIATION AND CONDUCTION HEAT TRANSFER 

I n v e s t i g a t o r s :  L. R. Glicksman, P .  A. Sykes 

P r o j e c t  No.: DSH 70481 

The purpose of  t h i s  p r o j e c t  i s  t o  i n v e s t i g a t e  exper imenta l ly  
h e a t  t r a n s f e r  by combined r a d i a t i o n ,  conduct ion and/or convec- 
t i o n  i n  an absorb ing-emi t t ing  medium and t o  check t h e  v a l i d i t y  
of  s i m p l i f i e d  a n a l y t i c a l  models. Molten g l a s s  was chosen a s  
t h e  modeling f l u i d  because i t s  p h y s i c a l  p r o p e r t i e s  a r e  r e l a -  
t i v e l y  easy  t o  model. 

An approxinlate t echnique  has been developed t o  p r e d i c t  t h e  
temperature  p r o f i l e  and h e a t  f l u x  i n  a  non-gray medium between 
gray w a l l s .  The technique  can handle  a  medium wi th  o p t i c a l l y  
t h i n  and t h i c k  zones p l u s  an in t e rmed ia t e  gray zone. Addi- 
t i o n a l  approximations f o r  t h e  o p t i c a l l y  t h i c k  case  have been 
developed and compared c l o s e l y  wi th  numerical  s o l u t i o n s .  For 
non-gray media t h e  Rosseland approximations wi th  jump boundary 
cond i t i ons  i s  shown t o  g ive  poor r e s u l t s  f o r  t h e  w a l l  s l i p .  
When a  band of  i n t e rmed ia t e  t h i ckness  i s  p r e s e n t ,  t h e  Rosseland 
r e s u l t s  a r e  n o t  v a l i d .  
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MECHANISM OF TRANSIENT NATURAL CONVECTION I N  

ROCKET PROPELLENT TANKS 
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P r o j e c t  No.: DSR 70482 

The purpose of t h i s  work i s  t o  ga in  an improved unders tanding  
o f  t h e  fundamental mechanisms which govern t h e  r e d u c t i o n  of  
thermal  s t r a t i f i c a t i o n  of  f l u i d s  i n  l a r g e  enc losu re s .  The 
r e sea rch  has  focussed,  i n  p a r t i c u l a r ,  upon t h e  e f f e c t  o f  w a l l  
thermal  boundary cond i t i ons  on t h e  s t a b i l i t y  o f  t h e  r e s u l t a n t  
n a t u r a l  convect ion.  

A s  p a r t  of  h i s  d o c t o r a l  t h e s i s  i n v e s t i g a t i o n ,  M r .  P e t e r  C. Pan 
has  completed t h e  formula t ion  of  such a  s t a b i l i t y  a n a l y s i s  and 
w r i t t e n  a  d i g i t a l  computer program f o r  t h e  IBM 360 which o b t a i n s  
s o l u t i o n s  t o  t h e  d i s tu rbance  d i f f e r e n t i a l  equa t ions  f o r  p a r a l l e l  
o r  n e a r l y  p a r a l l e l  laminar  n a t u r a l  convect ive  f lows.  E s s e n t i a l l y ,  
t h e  method c o n s i s t s  of  t r e a t i n g  t h e  boundary va lue  problem a s  
an i n i t i a l  va lue  problem and i n t e g r a t i n g  t h e  d i s t u r b a n c e  d i f f e r -  
e n t i a l  equa t ions  forward and backward by t h e  13 th  o r d e r  Runge- 
Kutta-Fehlberg formula. The method has  appeared t o  be  r a p i d  
and h i g h l y  accu ra t e ,  and t h e  program i s  s u f f i c i e n t l y  g e n e r a l  
t o  a l low a  v a r i e t y  of  p r o f i l e s  and boundary cond i t i ons  t o  be 
s t u d i e d .  

The computer program was f i r s t  used t o  s tudy  t h e  s t a b i l i t y  of  
t h e  n a t u r a l  convection of  a  v i scous  f l u i d  w i t h i n  a  v e r t i c a l  
s l o t  having i so the rma l  s i d e w a l l s  a t  d i f f e r e n t  t empera tures  ( i n  
t h e  conduction regime) .  The o b j e c t i v e  h e r e  was t o  v e r i f y  t h a t  
t h e  program func t ioned  p rope r ly ,  s i n c e  t h e  s t a b i l i t y  c h a r a c t e r -  
i s t i c s  f o r  t h i s  phenomenon had been exper imenta l ly  e s t a b l i s h e d  
and a  number of approximate a n a l y t i c a l  s o l u t i o n s  a l s o  e x i s t e d .  
Numerical s o l u t i o n s  of n e u t r a l  s t a b i l i t y  curves ,  c r i t i c a l  Grashof 
numbers and c r i t i c a l  wave numbers were computed f o r  30 d i f f e r e n t  
P r a n d t l  numbers ranging  from 10-4 t o  103, and s e p a r a t e l y  f o r  
P r a n d t l  numbers e q u a l  t o  ze ro ,  I n  a d d i t i o n ,  t h e  s t r e a m l i n e s  
and i so therms  of bo th  t h e  d i s tu rbance  and t o t a l  d i s t u r b e d  flow 
were a l s o  computed f o r  each P r a n d t l  number and i t s  cor responding  
c r i t i c a l  s t a t e s ,  A l l  t h e s e  t h e o r e t i c a l  p r e d i c t i o n s  were found 



s a t i s f a c t o r i l y  i n  agreement w i th  t h e  a v a i l a b l e  exper imenta l  
obse rva t ions  r e p o r t e d  i n  t h e  l i t e r a t u r e .  Both t h e  c r i t i c a l  
Grashof numbers and wave numbers were found t o  be weak f u n c t i o n s  
of  t h e  P r a n d t l  numbers. The weakness of  t h e  P r a n d t l  number 
dependence sugges ted  t h a t  the 'buoyancy f o r c e  p l ays  a  sma l l  r o l e  
i n  t h e  d e s t a b i l i z a t i o n  of t h e  n a t u r a l  convect ion i n  t h e  conduc- 
t i o n  regime and t h e  i n s t a b i l i t y  of  such a  flow i s  e s s e n t i a l l y  
mechanically d r iven .  This i n t e r p r e t a t i o n  was f u r t h e r  subs tan-  
t i a t e d  when t h e  p h y s i c a l  mechanism of  t h e  i n s t a b i l i t y  of t h i s  
flow was cons idered  from an energy convers ion r e l a t i o n s h i p  
between t h e  d i s tu rbance  and t h e  b a s i c  laminar n a t u r a l  convect ion 
( v e l o c i t y  and temperature)  f i e l d s .  

The main o b j e c t i v e  of t h i s  t h e o r e t i c a l  i n v e s t i g a t i o n  i s  t o  
unders tand t h e  e f f e c t  of  w a l l  thermal  boundary cond i t i ons  on 
t h e  s t a b i l i t y  of  t h e  e x t e r n a l  f r e e  convection boundary l a y e r s  
s i n c e ,  f o r  t h i s  c a s e ,  t h e  exper imenta l  d a t a  a r e  very l i m i t e d  
and q u a n t i t a t i v e  a n a l y t i c a l  r e s u l t s  a r e  l ack ing .  The s t a b i l i t y  
a n a l y s i s  f o r  t h e s e  e x t e r n a l  f r e e  convect ion boundary l a y e r s  a r e  
p r e s e n t l y  be ing  performed, u s ing  t h e  program developed i n  t h e  
s tudy  of  t h e  s t a b i l i t y  f o r  t h e  conduction regime. 
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LABORATORY FOR SPACE EXPERIMENTS 

I n v e s t i g a t o r s :  R.  H .  Baker, L. H.  Bann i s t e r ,  J. H.    in sack, 
H.  V. Brad t ,  H.  S. Br idge,  R.  J. B u t l e r ,  
G .  W.  lark, J. V. Harr ington,  W .  H.  G .  Lewin, 
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This  l a b o r a t o r y ,  as an i n t e g r a l  p a r t  of t h e  Center  f o r  Space 
Research, draws i t s  p r i n c i p a l  suppor t  from program funds a s  
i n d i c a t e d  i n  t h e  fo l lowing  s t a t u s  r e p o r t .  I n  a d d i t i o n ,  some 
suppor t  i s  provided from NGL 22-009-019 funding f o r  exp lo ra to ry  
r e sea rch  and s p e c i a l  p r o j e c t s  o f  gene ra l  i n t e r e s t  t o  t h e  space 
program. A number o f  t h e s e  p r o j e c t s  were s t a r t e d  i n i t i a l l y  
under NsG-496 funding and have subsequent ly  found d i r e c t  s u p p o r t  
from program funds i n  t h e  manner i n d i c a t e d .  

X-ray Sounding Rocket (NSR 22-009-129) 

The d a t a  from f l i g h t  4.279, t h e  f i r s t  r o t a t i n g  modulation co l -  
l i m a t o r  experiment t o  be  performed from a  sounding r o c k e t ,  have 
y i e l d e d  t h e  p r e c i s e  l o c a t i o n  o f  S a g i t t a r i u s  x-ray sou rces  GX3+1, 
GX5+1, GX9+1 and GX17+2. The c e l e s t i a l  p o s i t i o n s  of  t h e  above 
x-ray sources  were l o c a t e d  wi th  t h e  high p r e c i s i o n  of  about  one 
t o  two a r c  minutes.  The d a t a  and r e s u l t s  ob t a ined  from f l i g h t  
4.279 w i l l  b e  publ i shed  i n  an upcoming i s s u e  o f  t h e  As t rophys ica l  
J o u r n a l .  

On May 7,  1970, Aerobee rocke t  13.06, a  170 r o c k e t ,  was success-  
f u l l y  launched and observed t h e  x-ray f l u x  from t h e  galaxy M-87. 
The payload performed s a t i s f a c t o r i l y  f o r  t h e  second t ime and 
was recovered i n  o p e r a t i n g  cond i t i on .  The d a t a  from t h i s  f l i g h t  
a r e  now be ing  analyzed.  

A p ro to type  t h i n  window p r o p o r t i o n a l  counte r  s e n s i t i v e  t o  x-rays 
i n  t h e  4 4  r eg ion  i s  now be ing  developed. This experiment w i l l  
i nco rpo ra t e  a gas flow system t o  main ta in  a c o n s t a n t  p r e s s u r e  i n  
t h e  counte r  t o  ach ieve  a  c o n s t a n t  ga in  system, This %ow energy 
experiment i s  be ing  designed t o  f l y  on a rocke t  a long  wi th  t he  



p r e v i o u s l y  flown r o t a t i n g  modula t ion  c o l l i m a t o r .  T h i s  f l i g h t  
i s  b e i n g  p r e p a r e d  f o r  launch i n  March 1971. 

M u l t i c o l o r  X-ray Survey Experiment  (OSO-H) (NAS 5-110 82) 

Work i s  c o n t i n u i n g  on t h e  c o n s t r u c t i o n  and t e s t  o f  a  comprehen- 
s i v e  x-ray su rvey  exper iment  t o  b e  flown on t h e  O r b i t i n g  S o l a r  
Observatory-13. 

The c o n s t r u c t i o n  and t e s t  o f  t h e  p r o t o t y p e  u n i t  i s  n e a r i n g  com- 
p l e t i o n .  The u n i t  w i l l  b e  b e n c h - t e s t e d  d u r i n g  August .  Const ruc-  
t i o n  o f  t h e  f l i g h t  u n i t  i s  i n  p r o g r e s s .  D e l i v e r y  o f  t h e  f l i g h t  
u n i t  i s  c u r r e n t l y  s c h e d u l e d  f o r  October .  

Smal l  A s t r o n o ~ y  S a t e l l i t e - C  (NAS 5-11275) 

A new program t o  d e s i g n ,  deve lop ,  launch and o p e r a t e  an e x t e n s i v e  
x-ray s u r v e y  expeximent  u s i n g  t h e  Small  Astronomy S a t e l l i t e - C  
h a s  been  i n i t i a t e d  w i t h i n  t h e  C e n t e r .  A p r e l i m i n a r y  s t u d y  
program i s  now b e i n g  implemented. 

The s c i e n t i f i c  pay load  i s  composed o f  f o u r  s e p a r a t e  complementing 
e x p e r i m e n t s .  P r o f e s s o r  C l a r k ,  who i s  t h e  p r i n c i p a l  i n v e s t i g a t o r  
f o r  t h e  e n t i r e  exper iment ,  i s  c a r r y i n g  o u t  a  low energy  obse rva -  
t i o n  o f  t h e  d i f f u s e  x-ray background t o  d e t e r m i n e  g a l a c t i c  x-ray 
a b s o r p t i o n  p r o f i l e s .  P r o f e s s o r  B r a d t ,  c o - i n v e s t i g a t o r ,  i s  
r e s p o n s i b l e  f o r  a  g a l a c t i c  x-ray s o u r c e  s u r v e y  e x p e r i m e n t .  T h i s  
exper iment  u t i l i z e s  t echno logy  developed on t h e  x-ray sound ing  
r o c k e t  program and h a s  a s  i t s  pr imary  o b j e c t i v e  t h e  p r e c i s e  
l o c a t i o n  o f  d i s c r e t e  x-ray s o u r c e s .  P r o f e s s o r  Lewin, co-inves-  
t i g a t o r ,  i s  r e s p o n s i b l e  f o r  an  exper iment  t o  moni to r  t h e  x-ray 
s o u r c e ,  Sco X - 1 .  The exper iment  w i l l  p e r m i t  t h e  s t u d y  o f  t i m e  
v a r i a t i o n s  on t h e  o r d e r  o f  m i l l i s e c o n d s  t h r o u g h o u t  a  wide  e n e r g y  
range  o v e r  a  p ro longed  p e r i o d  o f  t i m e  on t h i s  e x t r e m e l y  i n t e r -  
e s t i n g  s o u r c e .  P r o f e s s o r  Schnopper,  c o - i n v e s t i g a t o r ,  i s  i n  
cha rge  of  a n  e x t r a - g a l a c t i c  x-ray su rvey  exper iment  which u t i l i z e s  
t h e  " r o t a t i n g  modula t ion  c o l l i m a t o r "  t e c h n i q u e  s o  s u c c e s s f u l l y  
used  on sounding r o c k e t  4.279 ( s e e  x-ray sound ing  r o c k e t  program) . 
C u r r e n t  e f f o r t s  a r e  p r i m a r i l y  d i r e c t e d  towards t h e  c o n f i g u r a t i o n  
o f  t h e  s c i e n t i f i c  a s p e c t s  o f  t h e  exper iment .  An i n c r e a s e  i n  t h e  
scope  o f  t h e  s t u d y  i s  now b e i n g  n e g o t i a t e d .  



IMP H and J Plasma Experiment (NAS 5-11062) 

The eng inee r ing  model of  t h e  sys tem has  been completed and t e s t e d  
us ing  s t a n d a r d  l abo ra to ry  equipment. A more comprehensive t e s t  
of  t h e  experiment w i l l  be conducted us ing  a plasma s i m u l a t o r  f o r  
s t i m u l a t i n g  t h e  experiment and employing a  sma l l  p rocess  c o n t r o l  
computer (HP 2115A) t o  read ,  ana lyze ,  format and p r i n t  o u t  t h e  
experiment t e l eme t ry  ou tpu t .  The computer has  been i n t e r f a c e d  
wi th  t h e  eng inee r ing  model and t h e  programming is  be ing  debugged. 
The plasma s i m u l a t o r  i s  be ing  f a b r i c a t e d  and w i l l  be  i n t e r f a c e d  
wi th  t h e  experiment s h o r t l y ,  

Po r t i ons  of  t h e  f l i g h t  u n i t  have been designed and f a b r i c a t e d  
( t h e  s enso r  and t h e  measurement cha in )  and a r e  be ing  e l e c t r i -  
c a l l y  t e s t e d .  

Mechanical l a y o u t  of  t h e  ba lance  of  t h e  c i r c u i t s  i s  i n  p roces s .  
Approximately h a l f  of  t h i s  l a y o u t  work i s  be ing  done us ing  
convent iona l  methods. The o t h e r  h a l f  o f  t h e  l ayou t  work 
( p r i n c i p a l l y  t h e  l o g i c  c i r c u i t s )  i s  be ing  accomplished by 
employing a computer f o r  des ign  of  t h e  p r i n t e d  c i r c u i t  boards .  
The f i r s t  board w i l l  be a v a i l a b l e  from t h i s  technique about  
J u l y  17 ,  1970. The e l apsed  t ime f o r  t h i s  f i r s t  board w i l l  be  
about  t h r e e  weeks. The ba lance  of t h e  board des igns  w i l l  b e  
done a t  t h e  r a t e  of  two p e r  week t h e r e a f t e r .  This t echnique  
appears  t o  be  a  g r e a t  t ime-saver and probably can reduce t h e  
o v e r a l l  system des ign  c o s t .  

The s u b c o n t r a c t o r ' s  modulator breadboard has  been completed, 
and t h e  vendor i s  proceeding on t h e  f l i g h t  u n i t .  Del ivery i s  
l a t e  and c r i t i c a l .  

The p r e s e n t  schedule  r e q u i r e s  i n i t i a l  d e l i v e r y  of  t h e  f i r s t  
f l i g h t  u n i t  i n  December 1970. The launch is s t i l l  scheduled  
f o r  February 1972. 

Rotating-Beam Antenna 

A s  p a r t  of a  system f o r  nav iga t ion  and d i r e c t i o n  f i n d i n g  on 
t h e  l u n a r  s u r f a c e ,  i t  i s  d e s i r a b l e  t o  c r e a t e  an antenna which 
can produce a f a r - f i e l d  r a d i a t i o n  p a t t e r n  of  which only t h e  
d i r e c t i o n  o f  t h e  peak can be changed by e l e c t r o n i c  means. One 
candida te  f o r  such an antenna i j  a  r o t a t i n g  Her tz ian  d i p o l e ,  
which i s  c r e a t e d  by a  s u i t a b l e  ampli tude modulation of  t h e  
currents in t w o  pe rpend icu la r  Hertzian d i p o l e s ,  



Neglect ing any e f f e c t s  of a  m a t e r i a l  medium, such an antenna 
has an aximuthal  r a d i a t i o n  p a t t e r n  wi th  peaks normal t o  t h e  
approximate i n s t aneous  d i p o l e ,  o r i e n t a t i o n  a x i s .  This p a t t e r n  
i s  i d e a l l y  a  d i p o l e  p a t t e r n  wi th  p o l a r i z a t i o n  i n  t h e  azimuthal  
p lane .  More g e n e r a l l y ,  it i s  p o s s i b l e  t o  produce a r o t a t i n g  
f i g u r e - e i g h t  o r  dumbbell p a t t e r n  w i th  a minimum azimuthal  ampli- 
tude v~hich  never  goes t o  ze ro ,  by means o f  an a d d i t i o n a l  r f  
phase modulation o r  r e l a t i v e  phase r e t a r d a t i o n  between t h e  two 
d ipo le  c u r r e n t s .  

The advantage of a  r o t a t a b l e  f i g u r e - e i g h t  p a t t e r n  l i e s  i n  t h e  
p o s s i b i l i t y  of  u s ing  a  phase-locked o s c i l l a t o r  i n  a  r e c e i v e r ,  
which w i l l  t h e o r e t i c a l l y  always r e c e i v e  a  minimum s i g n a l  s t r e n g t h .  
The disadvantage of t h e  f i gu re -e igh t  antenna i s  p r i m a r i l y  i n  
t h e  a d d i t i o n a l  complexity i n  t h e  hardware necessary t o  gene ra t e  
t h e  s imul taneous phase s h i f t  and power s p l i t  between t h e  two 
d i p o l e  c u r r e n t s .  

The work i s  con t inu ing  and w i l l  be r e p o r t e d  on i n  g r e a t e r  depth  
i n  subsequent  p e r i o d s .  

Lunar Surf  ace  Radio Beacons 

A s  p r ev ious ly  r e p o r t e d ,  X band r a d i o  beacons emplaced on t h e  
l u n a r  s u r f a c e  would make p o s s i b l e  an i n t e r n a t i o n a l  coope ra t ive  
program of very long  b a s e l i n e  r a d i o  i n t e r f e r o m e t r y  obse rva t ions  
having s i g n i f i c a n c e  i n  many s c i e n t i f i c  a r e a s .  Using t h e  t h r e e  
r e c e i v i n g  systems now employed by F . 2 .  I.  T. f o r  i n t e r f e r o m e t r i c  
observa t ions  of  c e l e s t i a l  no ise  sou rces ,  t h e  l u n a r  o r b i t  and 
l i b r a t i o n s  could be  determined p r e c i s e l y  enough t o  permi t  a  
measure of t h e  nodal  p reces s ion  p r e d i c t e d  by gene ra l  r e l a t i v i t y  
and t o  permi t  obse rva t ion  of t h e  l u n a r  analogue of t h e  anomalous 
Chandler wobble . 
Conversely,  once t h e  angula r  l o c a t i o n  of  an emplaced r a d i o  
beacon has  been determined p r e c i s e l y ,  t h e  beacon could be  used 
a s  a  r e f e rence  f o r  a  d.etermination of t h e  r e l a t i v e  l o c a t i o n  of 
o t h e r  r e c e i v i n g  p o i n t s  on e a r t h .  This  s e r i e s  of obse rva t ions  
would permit  a  d i r e c t  measure of i n t e r c o n t i n e n t a l  d r i f t  and 
would permi t  a  p r e c i s e  measure of t h e  r e l a t i v e  l o c a t i o n s  o f  
t h e  NASA deep space t r a c k i n g  network s t a t i o n s .  

During t h i s  r e p o r t i n g  pe r iod ,  a  conceptua l  des ign  has  been 
completed f o r  an improved r a d i o  beacon t h a t  would permit  t h e s e  
observa t ions  t o  be made with  any r e c e i v i n g  d i s h  having a d iameter  
g r e a t e r  than about 15 f e e t :  t h i s  i s  adequate t o  allow p a r t i -  
c i 2 a t i o n  by v i r t u a l l y  a l l  c u r r e n t  NASA t r a c k i n g  s t a t i o n s .  Based 



on t h e  improved beacon des ign ,  it i s  computed t h a t  t h e  uncer-  
t a i n t y  i n  t h e  r e l a t i v e  l o c a t i o n s  of  t h e s e  s t a t i o n s  cou ld  be  
reduced from t h e  p r e s e n t  t e n s  o f  meters t o  a few cen t ime te r s .  

Power consumption of t h e  improved beacon has  been reduced 
s i g n i f i c a n t l y  from 1 0  w a t t s  t o  5 w a t t s .  Weight has been 
reduced s l i g h t l y  from 7 pounds t o  6 pounds. Volume has  been 
reduced very  s l i g h t l y  from 600 c u b i c  inches  t o  570 c u b i c  i nches .  

Improved performance of  t h e  beacon i s  due p r i m a r i l y  t o  an 
improved e l e c t r i c a l  des ign  which permi t s  t h e  r a d i a t e d  energy 
t o  be concen t r a t ed  i n  d i s c r e t e  frequency bands. These bands 
a r e  chosen t o  opt imize t h e  i n t e r f e r o m e t r i c  de lay  func t ion  
measurement. Fu r the r ,  t h e  frequency bands a r e  c o n s t r a i n e d  s o  
t h a t  t h e  e f f e c t i v e  no i se  bandwidth of  t h e  r e c e i v i n g  system can 
be reduced s i g n i f i c a n t l y ;  t h i s  does n o t  r e q u i r e  a change i n  
t h e  e x i s t i n g  r e c e i v e r  hardware b u t  can be  accomplished by a 
change i n  t h e  computer sof tware  used t o  e f f e c t  d i g i t a l  f i l t e r i n g  
du r ing  t h e  c o r r e l a t i o n  procedure .  The n e t  e f f e c t  of  t h e s e  
changes i s  t o  make t h e  e f f e c t i v e  system s igna l - to -no ise  r a t i o  
more than  30 db g r e a t e r  than  t h a t  a p p l i c a b l e  t o  t h e  broad band 
no i se  source  beacon p o s t u l a t e d  p rev ious ly .  



COMMUNICATIONS THROUGH AN I O N I Z E D  MEDIUM 

I n v e s t i g a t o r s  : W. B.  Davenport, P .  Alexander 

P r o j e c t  No.: DSR 76195 

I n  prev ious  s t u d i e s  of  t h e  s o l a r  corona a s  a  t r ansmis s ion  medium, 
it has  been found t h a t  t h e  e q u i v a l e n t  mathematical  model ( f o r  
communication a t  1 0 0  M H z )  can be decomposed i n t o  s e v e r a l  s imp le r  
types  which provide an a c c u r a t e  d e s c r i p t i o n  of t h e  channel  prop- 
e r t i e s  throughout  some reg ion  of  space .  These p r o p e r t i e s  depend 
p r i m a r i l y  on t h e  d i s t a n c e  of c l o s e s t  approach t o  t h e  sun ,  of 
t h e  l i n e  j o i n i n g  t h e  t r a n s m i t t e r  and r e c e i v e r .  The most s e v e r e  
s i g n a l  d i s t o r t i o n  occurs  f o r  pa ths  which pass  w i t h i n  6 0  s o l a r  
r a d i i  of  t h e  sun.  I n  t h i s  r eg ion  t h e  e f f e c t s  of t h e  s o l a r  plasma 
on communication schemes can be summarized by t h e  channel  s c a t -  
t e r i n g  func t ion ,  which d e s c r i b e s  t h e  average power weight ing  of  
a  continuum of delayed and Doppler s h i f t e d  s i g n a l s .  

During t h e  l a s t  pe r iod  va r ious  a spec t s '  of  t h e  measurement of  
channel  s c a t t e r i n g  func t ions  ( o r  e q u i v a l e n t  c o r r e l a t i o n  f u n c t i o n s )  
have been i n v e s t i g a t e d .  The e s t i m a t i o n  of  i n s t an t aneous  channel  
p r o p e r t i e s ,  such a s  t h e  channel  t ime-varying impulse response ,  
i s  n o t  p o s s i b l e  f o r  systems which have an e q u i v a l e n t  Doppler 
sp read  de l ay  sp read  produc t ,  BL,  l a r g e r  than u n i t y .  The average 
p r o p e r t i e s  a r e  n o t  s u b j e c t  t o  t h e  same c o n s t r a i n t s ,  b u t  it has 
been found t h a t  f o r  BL > 1, t h e  e s t i m a t e  of t h e  s c a t t e r i n g  
f u n c t i o n  i s  degraded cons iderab ly  by b i a s  e f f e c t s .  This i s  a 
consequence of t h e  fundamental convo lu t iona l  r e l a t i o n s h i p s  between 
t h e  s i g n a l  and t h e  channel ,  and r e s u l t s  i n  ou r  averaged e s t i m a t e  
be ing  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  t r u e  func t ion .  Techniques 
have been eva lua t ed  f o r  e l i m i n a t i n g  t h i s  b i a s  by s u i t a b l e  opera- 
t i o n s  on t h e  rece ived  s i g n a l .  I n  a d d i t i o n ,  t h e  Cramer Rao bound 
on t h e  va r i ance  of (unbiased)  e s t i m a t e s  has been e v a l u a t e d  f o r  
j o i n t  e s t i m a t e s  of  a  sampled form of t h e  s c a t t e r i n g  f u n c t i o n .  
This e s t a b l i s h e s  a  r e f e rence  l e v e l  which can be used t o  e v a l u a t e  
t h e  o p t i m a l i t y  of  ad hoc e s t i m a t i o n  schemes, s i n c e  t h e  Cramer 
Rao bound provides  us w i t h  lower bound on the  va r i ance  of  a l l  
p o s s i b l e  e s t i m a t e s .  

For reg ions  o f  ope ra t ion  where t h e  spread  of t h e  channel  (BL)  
i s  much l e s s  than  u n i t y  s i m p l i f i e d  e s t i m a t e s  r e s u l t  by  n e g l e c t i n g  



t h e  b i a s  problem i n d i c a t e d  above. The implementation of  t h e s e  
techniques  has  been cons idered  f o r  s i t u a t i o n s  i n v o l v i n g  a  sma l l  
s a t e l l i t e  o r b i t i n g  t h e  sun and t r a n s m i t t i n g  through t h e  s o l a r  
corona t o  e a r t h .  
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PUBLIC MANAGEMENT OF TECHNOLOGY 
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The p r o j e c t  has  broadened somewhat t o  i n c l u d e  a c o n s i d e r a t i o n  
of  S o v i e t  management of technology.  Despi te  t h e  f a c t  t h a t  much 
o f  United S t a t e s  e f f o r t  i n  technology s i n c e  World W a r  I1 can be 
desc r ibed  i n  terms o f  r e a c t i o n  t o  o r  an a n t i c i p a t i o n  of  S o v i e t  
e f f o r t s ,  very l i t t l e  r e sea rch  has  been d i r e c t e d  toward broadening 
our  unders tanding o f  S o v i e t  p o l i c i e s  i n  technology.  During t h e  
semes te r  an oppor tun i ty  a rose  t o  b r i n g  i n t o  t h e  p r o j e c t  f o r  
p o s t d o c t o r a l  s tudy  a Ph.D. chemist  wi th  a knowledge of Russian 
and an i n t e r e s t  i n  S o v i e t  s c i e n c e  and technology.  H i s  work 
has  a ided  t h e  p r o j e c t  by c l a r i f y i n g  S o v i e t  d a t a  r e l a t i n g  t o  
R&D and R&D manpower. Seve ra l  s e p a r a t e  p u b l i c a t i o n s  a r e  ex- 
pec ted  t o  r e s u l t .  

An a n a l y s i s  of U.S. p o l i c i e s  i n  t h e  management of l a r g e  s c a l e  
technology,  however, remained t h e  c e n t r a l  focus  of t h e  p r o j e c t .  
A volume of e s says  cons ide r ing  t h e  o r i g i n s  o f  l a r g e  s c a l e  pro- 
grams, t h e i r  methods o f  management, government-contractor r e l a -  
t i o n s ,  t h e  r o l e  of  s c i e n c e  adv i so r s  i n  determining p u b l i c  p o l i c y  
and proposa ls  f o r  c o n t r o l l i n g  t h e  s o c i a l  c o s t s  o f  l a r g e  s c a l e  
programs i s  i n  p r e p a r a t i o n .  Lec tures  and seminar p r e s e n t a t i o n s  
t e s t i n g  t h e  concepts  of t h e  e s says  were given a t  RAND, t h e  A i r  
Force Cambridge Laboratory,  t h e  Un ive r s i t y  o f  Michigan and Rice 
Univers i ty  du r ing  t h e  semes te r .  A few s h o r t  no t e s  and reviews 
r e l a t e d  t o  t h e  p r o j e c t  have a l r eady  appeared.  
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FORMATION AND GROWTH OF TECHNOLOGY-BASED ENTERPRISES 

I n v e s t i g a t o r :  E . B . Roberts  

P r o j e c t  No. : DSR 76154 

I n  a t t empt ing  t o  b r i n g  t h e  p r o j e c t  toward a  d e s i r e d  completion 
i n  t h e  nea r  f u t u r e ,  s e v e r a l  a c t i v i t i e s  were aimed a t  f i n i s h i n g  
up e a r l i e r  r e sea rch .  Alan Fus fe ld  completed t h e  d a t a  g a t h e r i n g  
on sp in-of f  companies from t h e  M. I .T .  Department of  Chemical 
Engineer ing,  l e a v i n g  a n a l y s i s  and wr i t eup  f o r  t h e  nex t  s e v e r a l  
months. Stephen Lipsey completed t h e  work on t h e  sample of  
Boston computer-oriented companies, mostly so f tware  o r  a p p l i -  
c a t i o n  f i rms .  The number of technology-based new f i rms  now 
i n v e s t i g a t e d  t o t a l s  ove r  250. 

Extending t h e  e a r l i e r  work by p e t e r s 1  and by P e t e r s  and ~ o b e r t s l  
i n  t h e  a r e a  of i d e a  u t i l i z a t i o n ,  George blorgenthaler  c a r r i e d  
o u t  a  major s tudy  i n  39 o r g a n i z a t i o n s .  H i s  r e s u l t i n g  t h e s i s 3  
was awarded t h e  Brooks P r i z e  by t h e  M . I . T .  S loan School o f  
Management a s  t h e  ou t s t and ing  S.14. t h e s i s  of  t h e  yea r .  
Morgenthaler  demonstrated t h a t  e n t r e p r e n e u r i a l l y - o r i e n t e d  ven- 
t u r e  approaches f o r  t e c h n i c a l  i d e a  e x p l o i t a t i o n  were ach iev ing  
s u c c e s s f u l  r e s u l t s  and deserved f u r t h e r  development. 

Kathy Piepmeier i s  working wi th  P ro fe s so r  Roberts  t o  assemble 
t h e  v a r i e t y  of  r e sea rch  s t u d i e s  undertaken du r ing  t h e  l i f e  of  
t h i s  p r o j e c t  and t o  e d i t  them i n t o  a  cohesive  p r e s e n t a t i o n .  
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STUDIES OF THE IMPACT OF THE SPACE PROGRAM ON 

LOCAL, NATIONAL AND INTERNATIONAL AFFAIRS 

I n v e s t i g a t o r :  E .  B. Skolnikoff  

P r o j e c t  No.: DSR 76155 

While on l e a v e  du r ing  t h e  c u r r e n t  academic y e a r ,  P r o f e s s o r  
Skolnikoff  has been devot ing  f u l l  t i m e  t o  t h e  major p o r t i o n  
of  t h i s  study--an a n a l y s i s  of  t h e  i n t e r n a t i o n a l  p o l i t i c a l  and 
i n s t i t u t i o n a l  imp l i ca t ions  of new technology i n  t h e  n e a r  f u t u r e .  
The funding has  come p r i m a r i l y  from t h e  Carnegie Endowment f o r  
I n t e r n a t i o n a l  Peace, which i s  a l s o  p rov id ing  o f f i c e  space  and 
r e sea rch  a s s i s t a n c e  through i t s  European Center  i n  Geneva. 

Work i s  nea r ing  completion on a  book and a  s e r i e s  o f  a r t i c l e s  
which w i l l  appear i n  t h e  f a l l .  I n  a d d i t i o n  a  paper  has  been 
p re sen ted  a t  t h e  Un ive r s i t y  of  Edinburgh, which w i l l  b e  pub- 
l i s h e d  i n  t h e  f a l l ,  and ano the r  w i l l  b e  given a t  t h e  American 
P o l i t i c a l  Science Assoc ia t ion  i n  September. 

Considerable  i n t e r e s t  i n  t h e  s tudy  has  been gene ra t ed  i n  t h e  
United S t a t e s  and among i n t e r n a t i o n a l  o rgan iza t ions  i n  Europe. 
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VAPOR-LIQUID E Q U I L I B R I A  O F  VOLATILE ORGANIC SOLUTES 

I n v e s t i g a t o r s :  P.  I s senberg ,  C ,  Y. Hwang 

P r o j e c t  No. : DSR 70473 

The purpose of  t h i s  p r o j e c t  i s  e v a l u a t i o n  of  t h e  r o l e  of  sorp-  
t i o n  o f  v o l a t i l e  o rgan ic  compounds by s o l i d s  i n  r e t e n t i o n  of  
t h e s e  compounds du r ing  d ry ing  and long  t e r m  s t o r a g e  o f  foods 
and o t h e r  b i o l o g i c a l  m a t e r i a l s .  The r e l a t i v e  importance of  
s o r p t i o n  and d i f f u s i o n  e f f e c t s  depends on the n a t u r e  o f  t h e  
m a t e r i a l s ,  wi th  r e s i s t a n c e  t o  d i f f u s i o n  account ing  f o r  r e t e n t i o n  
i n  most of  t h e  systems i n v e s t i g a t e d  by o t h e r  workers.  I n  t h e  
p r e s e n t  i n v e s t i g a t i o n s ,  methods and appara tus  have been developed 
f o r  s o r p t i o n  measurements i n  t h e  concen t r a t i on  range ( p a r t s  p e r  
m i l l i o n )  which i s  r e p r e s e n t a t i v e  of  food systems.  

S t u d i e s  of use of t h e  continuous deso rp t ion  method f o r  a c q u i r i n g  
s o r p t i o n  d a t a  have been cont inued.  Attempts were made t o  
i n c r e a s e  f l e x i b i l i t y  of  t h e  system by packing columns wi th  0.5 
t o  20 pe rcen t  s o r b e n t ,  mixed wi th  an i n e r t  s o l i d .  The o b j e c t i v e  
of t h e s e  s t u d i e s  was t o  minimize t h e  e f f e c t s  o f  d i f f u s i o n  and 
non-equil ibrium on measured s o r p t i o n  d a t a .  A column c o n t a i n i n g  
on ly  PTFE, w i th  no added s o r b e n t ,  was t o  be  used i n  c o r r e c t i n g  
f o r  d i f f u s i o n .  Seve ra l  l o t s  of  chromatographic grade PTFE w e r e  
e v a l u a t e d ,  b u t  a l l  e x h i b i t e d  s i g n i f i c a n t  s o r p t i o n  of  n-butanol 
a t  23O C and below, e s p e c i a l l y  i n  t h e  lower range of  Forbent  
amounts. S ince  no t o t a l l y  i n e r t  d i l u e n t  s o l i d  could  b e  found, 
measurements a r e  be ing  made i n  columns packed wi th  s o r b e n t  a lone .  
Modi f ica t ions  were made i n  t h e  gas flow system t o  minimize 
ex t raneous  volume and d i f f u s i o n  e f f e c t s .  

Previous  s t u d i e s  of  s o r p t i o n  o f  primary a l i p h a t i c  a l c o h o l s  on 
c e l l u l o s e  have been extended t o  o t h e r  s o r b e n t s  t y p i c a l  of  t h e  
major components o f  dehydrated foods . Continuous d e s o r p t i o n  
measurements, a t  concen t r a t i ons  ranging  from 0 t o  1 2  pg/g and 
a t  2 S 0  t o  26.5O C ,  have been completed f o r  n-butanol  on c e l l u -  
l o s e ,  p o t a t o  s t a r c h ,  g lucose and c a s e i n .  p a r t i a l  p r e s s u r e s  
were i n  t h e  range of 0 t o  1 7  m i l l i t o r r ,  corresponding t o  a  
maximum a c t i v i t y  of  2 . 6  x l o m 3 ,  For each s e r i e s  of exper iments ,  
t h e  i n f l u e n c e  of gas flow r a t e  on apparen t  degree  of s o r p t i o n  
a t  c o n s t a n t  p a r t i a l  p ressure  was  determined, 



A i l  measurements were then  made with a  c a r r i e r  gas flow r a t e  
below t h a t  a t  which s i g n i f i c a n t  d e v i a t i o n  from e q u i l i b r i u m  
occurs .  For t h e  n-butanol-s tarch system, t h e  l i m i t i n g  flow 
r a t e  was a p p r o x i m ~ t e l y  28 ml/min, about one-half t h e  value 
used i n  p rev ious  s t u d i e s  i n  which f i x e d  p a r t i a l  p r e s s u r e s  were 
employed. Use of lower flow r a t e s  a l s o  a f f o r d s  lower column 
p re s su re  d i f f e r e n t i a l ,  r e s u l t i n g  i n  r educ t ion  of  p re s su re  su rges  
and t r a n s i e n t  e f f e c t s  when gas s t reams a r e  switched.  

A complete s e r i e s  of i sotherms was determined f o r  - n-butanol 
on p o t a t o  s t a r c h  a t  temperatures  of -11°,  2 O ,  10" and 26' C.  
The h e a t  of deso rp t ion  was found t o  be 7 . 6 3  kcal/mole a t  a  
concen t r a t i on  of  0 . 2  pg/g. These r e s u l t s  must be confirmed 
by measurements a t  f i x e d  p a r t i a l  p r e s s u r e s ,  b u t  t h e  va lues  
observed a r e  c o n s i s t e n t  w i th  t hose  measured by o t h e r  i n v e s t i -  
g a t o r s  f o r  s i m i l a r  s y s  tems . 
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INFORMATION TRANSFER I N  PREBIOLOGICAL ENVIRONMENTS 

I n v e s t i g a t o r s :  A. Rich, S.  Fahnestock 

P r o j e c t  No. : DSR 76175 

An impor tan t  p r e b i o l o g i c a l  ques t ion  concerns a l t e r n a t i v e  methods 
o f  making polymers. I n  contemporary systems p e p t i d e  bond forma- 
t i o n  i n  p r o t e i n  s y n t h e s i s  i s  ca t a lyzed  by an enzyme, p e p t i d y l  
t r a n s f e r a s e ,  which appears  t o  be  an i n t e g r a l  p a r t  of  t h e  l a r g e  
r ibosomal subun i t .  I n  a d d i t i o n  t o  t h e  normal r e a c t i o n  i n v o l v i n g  
t r a n s f e r  o f  t h e  nascen t  po lypept ide  cha in  from p e p t i d y l - t r a n s f e r  
RNA t o  t h e  alpha-amino group of  aminoacyl-tRNA, t h i s  enzyme a l s o  
c a t a l y z e s  p e p t i d y l  t r a n s f e r  r e a c t i o n s  i n  which t h e  a c c e p t o r  i s  
t h e  a n t i b i o t i c  puromycin, which resembles t h e  aminoacyl end o f  
t r a n s f e r  RNA. Because o f  t h e  s i m i l a r i t y  o f  t h e  puromycin reac-  
t i o n  t o  t h e  normal r e a c t i o n  it has  proved u s e f u l  i n  examining 
t h e  p r o p e r t i e s  of  p e p t i d y l  t r a n s f e r a s e  as d i s t i n g u i s h e d  from 
t h e  s p e c i f i c  s u b s t r a t e  b ind ing  func t ions  o f  t h e  ribosome. I n  
t h e  course  of s tudy ing  t h e  s t r u c t u r a l  requirements  f o r  t h i s  
r e a c t i o n ,  w e  have made d e r i v a t i v e s  of  puromycin i n  which t h e  
a-amino group i s  r ep l aced  by a  hydroxyl group. Study of  t h e  
a c t i v i t y  o f  t h i s  modif ied puromycin d e r i v a t i v e  i n  an- E s  c h e r i c h i a  
c o l i  i n  v i t r o  system has  l e d  t o  t h e  d i scovery  t h a t  t h e  ribosome -- 
can c a t a l y z e  t h e  a t tachment  of  an amino a c i d  t o  t h i s  a-hydroxyl 
group through an e s t e r  l i nkage  almost  as  e f f i c i e n t l y  a s  it 
c a t a l y z e s  t h e  format ion of  a  pep t ide  bond wi th  t h e  a-amino group. 
It i s  of  i n t e r e s t  t h a t  most o f  t h e  p r o t e o l y t i c  enzymes which 
c a t a l y z e  t h e  r e v e r s e  r e a c t i o n ,  t h e  h y d r o l y s i s  of  p e p t i d e  bonds, 
a r e  a l s o  e s t e r a s e s .  This may have g r e a t  b e a r i n g  upon o u r  a t t empt s  
t o  unders tand t h e  mechanism of a c t i o n  of t h e  r ibosomal p e p t i d y l  
t r a n s f e r a s e  and p r e b i o t i c  s y n t h e s i s .  We have p re sen ted  some of  
t h e  evidence f o r  e s t e r  format ion and make a  comparison of  i t s  
e f f i c i e n c y  r e l a t i v e  t o  pep t ide  bond format ion.  
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DISTRIBUTION OF DAILY CALORIE INTAKE ON PROTEIN 

AND AMINO ACID REQUIREMENTS I N  ADULT MEN 

I n v e s t i g a t o r s :  V. R. Young, M. A. Hussein,  B. Torun, 
N.  S. Scrimshaw 

P r o j e c t  No.: DSR 76177 

Diurnal  f l u c t u a t i o n s  i n  plasma amino a c i d  l e v e l s  have been 
r epo r t ed  f o r  bo th  exper imenta l  animals and man. The mechanisms 
r e spons ib l e  f o r  t h e s e  rhythms, t h e  d i e t a r y  f a c t o r s  which s e r v e  
t o  modify them and t h e i r  p h y s i o l o g i c a l  s i g n i f i c a n c e ,  p a r t i c u -  
l a r l y  i n  r e l a t i o n  t o  t h e  d a i l y  amino a c i d  needs of a d u l t  man, 
need f u r t h e r  i n v e s t i g a t i o n .  

The d i u r n a l  f l u c t u a t i o n s  of plasma-free amino a c i d  l e v e l s  w e r e  
s t u d i e d  under s t anda rd i zed  d i e t a r y  c o n d i t i o n s  i n  a  t o t a l  o f  
e l even  young men. I n  t h e  f i r s t  experiment,  s i x  s u b j e c t s  were 
given an o therwise  complete d i e t  supply ing  adequate  o r  no 
t ryptophan f o r  fou r  t o  seven days ,  g iven i n  f o u r  equa l  meals 
a t  0800, 1 2 0 0 ,  1700 and 2100 hours .  I n  t h e  second exper iment  
t h r e e  s u b j e c t s  were given t h e  adequate o r  t ryp tophan- f ree  d i e t  
f o r  f o u r  and f i v e  consecut ive  days ,  r e s p e c t i v e l y ,  a s  i n  t h e  
f i r s t  exper iment ,  and two o t h e r  s u b j e c t s  were given t h e  t r y p -  
tophan-free  d i e t  throughout  e i t h e r  a  f i v e -  o r  nine-day pe r iod .  
On t h e  f i n a l  day of each d i e t  pe r iod  du r ing  experiment two, 
each s u b j e c t  r ece ived  s i x  equa l  meals a t  four-hour i n t e r v a l s  
beginning a t  0800 hours  and blood samples were a l s o  taken 
beginning a t  0800 hours  a f t e r  a  twelve-hour f a s t ,  a t  i n t e r v a l s  
du r ing  t h e  day. 

With f o u r  meals a  day, t h e  plasma-free e s s e n t i a l  amino a c i d s  
were gene ra l ly  lowes t  a t  1 2 0 0  hours and began t o  rise a t  t h i s  
t i m e  w i th  peak va lues  being reached a t  0400-0800 hours .  The 
t ryp tophan- f ree  d i e t  had l i t t l e  e f f e c t  on t h e  p a t t e r n  of  change 
except  t h a t  t h e  ampli tudes  of  l e u c i n e ,  l y s i n e  and e s p e c i a l l y  
t h e  t ryptophan f l u c t u a t i o n s  were i nc reased .  The "non-es sen t i a l "  
amino a c i d s  showed l e s s  marked c o n s i s t e n t  f l u c t u a t i o n s  d u r i n g  
t h e  day. Feeding s i x  i s o c a l o r i c ,  i son i t rogenous  meals a t  four -  
hour i n t e r v a l s  dur ing  t h e  2 4  hours  abo l i shed  o r  reduced t h e  
evening o r  e a r l y  morning r i s e  i n  p lasma-essen t ia l  amino a c i d  
l e v e l s .  



We p o s t u l a t e  t h a t  t h e  e a r l y  morning rise i n  venous plasma amino 
a c i d  l e v e l s  r e f l e c t s  a  mob i l i za t ion  of  amino a c i d s  from s k e l e t a l  
muscle and t h a t  by prov id ing  d i e t a r y  carbohydrates  th roughout  
t h e  24-hour c y c l e  t h e  mob i l i za t ion  of  amino a c i d s  from muscle 
i s  reduced,  due presumably, i n  p a r t ,  t o  i n s u l i n  a c t i o n .  

These s t u d i e s  l e a d  t o  t h e  ques t ion  a s  t o  whether,  under s i m i l a r  
d i e t a r y  cond i t i ons ,  t h e  needs f o r  t h e  d i e t a r y  e s s e n t i a l  amino 
a c i d s  could be reduced,  because t h e  e a r l y  morning i n c r e a s e  i n  
t h e  plasma l e v e l s  of  t h e  amino a c i d s  probably r e s u l t s  i n  t h e i r  
subsequent  ox ida t ion ,  f o r  energy purposes ,  i n  t h e  v i s c e r a l  
t i s s u e s .  A p i l o t  s tudy  was conducted t o  determine whether  t h e  
f eed ing  of t h r e e  meals p e r  day ( a t  0800, 1300 and 1800 hour s )  
r e s u l t e d  i n  a  h i g h e r  r a t e  of u r i n a r y  n i t r o g e n  e x c r e t i o n  when 
s u b j e c t s  a r e  given a p r o t e i n - f r e e  d i e t  as compared w i t h  s u b j e c t s  
g iven t h e  same d i e t  b u t  a s  s i x  i s o c a l o r i c  meals dur ing  t h e  e n t i r e  
24-hour day. While t h e  r e s u l t s  of  t h i s  s tudy  sugges ted  a  more 
e f f i c i e n t  u t i l i z a t i o n  of endogenous p r o t e i n  (and,  t h e r e f o r e ,  
presumably a  r educ t ion  i n  t h e  d i e t a r y  p r o t e i n  and amino a c i d  
n e e d s ) ,  when t h e  s u b j e c t s  consumed s i x  meals p e r  day, f u r t h e r  
s t u d i e s  i nvo lv ing  d i f f e r i n g  l e v e l s  o f  d i e t a r y  p r o t e i n  w i l l  b e  
r e q u i r e d  t o  e s t a b l i s h  t h e  p r o t e i n  n u t r i t i o n a l  s i g n i f i c a n c e  o f  
t h e  d i u r n a l  plasma amino a c i d  f l u c t u a t i o n s .  

These s t u d i e s  a l s o  sugges ted  t h e  d e s i r a b i l i t y  of  de te rmin ing  
t h e  -- i n  v i v o  r a t e  of  t o t a l  body p r o t e i n  s y n t h e s i s  and ca t abo l i sm 
i n  young a d u l t  male s u b j e c t s  g iven a  d i e t  which i s  d i s t r i b u t e d  
among d i f f e r e n t  meal p a t t e r n s  du r ing  t h e  day. A t  p r e s e n t  w e  
a r e  s t i l l  e v a l u a t i n g  t h e  roposed method, based on t h e  f r e q u e n t  
consumption o f  a  g lyc ine  P5N test  dose du r ing  a  36 t o  48 hour  
pe r iod .  This  dynamic approach t o  a s s e s s i n g  p r o t e i n - n u t r i t i o n a l  
s t a t u s  i n  man w i l l  a i d  t h e  e v a l u a t i o n  o f  plasma amino a c i d  
f l u c t u a t i o n s  i n  r e l a t i o n  t o  t h e i r  n u t r i t i o n a l  s i g n i f i c a n c e .  
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